Introduction
Homelessness is not only associated with a multitude of mental health disorders but also adverse physical health V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com conditions, such as traumatic brain injury, musculoskeletal disorders, infectious diseases, respiratory disorders, skin conditions, injuries, and poor dental health [1] [2] [3] [4] [5] . Homeless individuals, being a marginalized population, also historically experience many barriers to receiving health care for these conditions [6] .
Chronic pain, defined as persisting beyond normal tissue healing time assumed to be three months [7] , affects a substantial portion of the general population. For example, a recent survey found an 18.9% prevalence of self-reported chronic pain in the Canadian general population [8] . Similar prevalence has been reported for other countries [9, 10] . Research on chronic pain in marginalized populations such as homeless people is quite limited [7] . The few studies investigating this report a substantial level of chronic pain in homeless populations. In a study of 150 shelter users in the United Kingdom, 59% reported chronic pain [11] with a mean duration of more than six years. Chronic pain commonly affected general activities (86%), walking (75%), mood (74%), and sleep (71%). In their Canadian survey of 152 homeless persons in shelters, Hwang et al. [6] reported that mean duration of chronic pain was 10 years, with back, knees, and shoulders as the most common locations. Only 41% of participants were receiving treatment for their pain and almost half of them reported using street drugs to self-medicate. Injury was the most commonly reported cause of chronic pain [6] . A retrospective analysis of hospital discharge data in the state of New York found that homeless adults experienced higher rates of unintentional injury as compared with low-income residents with comparable socioeconomic status [12] . Outcomes of injury may be more severe in homeless populations due to lack of access to and continuity of care. Compared with the general population, homeless persons appear to experience more protracted pain and higher levels of mortality subsequent to highly treatable injuries [13] . A Danish study of homeless persons found higher mortality levels due to unintentional injury than in the general population, and history of substance use disorder and mental health disorder were predictors of death from unintentional injury [14] .
Literature on chronic pain has highlighted the need for more research in vulnerable populations [15, 16] . Given the large proportion of homeless persons affected by mental illness and substance use, it is of great importance to better understand chronic pain in this particular group as the symptoms of chronic pain are often co-occurring with psychiatric disorders and/or substance use disorders. Thus, we aimed to determine the prevalence of chronic pain, describe the characteristics of individuals with chronic pain, and analyze the factors associated with its presence in participants of the At Home/Chez Soi study, a national longitudinal randomized controlled trial on homelessness and mental health, conducted from 2009-13 in five Canadian cities.
Methods
The At Home/Chez Soi study investigated the effects of a housing-first intervention in homeless persons with mental illness. Inclusion criteria were adult age, absolute homelessness or precarious housing (such as living in shelters), and presence of a severe and persistent mental disorder established by the MINI-International Neuropsychiatric Interview [17] , administered by trained interviewers. In addition to diagnosis of mental illness, interviewers collected data on self-reported history of traumatic brain injury (which alone did not qualify as mental illness-concerning inclusion criteria) and suicidality. Participants were assessed every three months after randomization. Details of the study protocol are published elsewhere and will not be repeated here [18] . The ethics boards of all participating centers approved the study.
At 18 months after randomization, participants in Winnipeg, Toronto, and Vancouver were interviewed about chronic pain (see the Supplementary Data for the questionnaire). We evaluated chronic pain based on standard clinical assessments. All participants were asked whether they had suffered from pain for most days in the week during the last three months or more. Only those who confirmed were interviewed further, eliciting self-reports on seeking pain treatment through a nurse or physician in the prior three months, the use of prescribed and nonprescribed drugs for pain treatment, and pain interference with general daily activities, sleep, and social interactions. Participants were also asked to report the location(s) of chronic pain from a list containing head/neck, limbs (arms/legs), back, joints, gastrointestinal, face, oral/teeth, and feet. Furthermore, other locations could be specified in writing. Where appropriate, we recoded these other specified locations according to the listed categories. Those specified locations not fitting any of the listed categories after recoding were kept as "other" (examples include "chest," "lung," "testes," "prostate," left or right "side of body," "pelvis"). Participants rated the severity of current pain on a visual analog scale (VAS) ranging from 0 (no pain) to 10 (extreme pain). We then defined clinically significant chronic pain using a cutoff of 3.5 on the VAS. This cutoff has been suggested to differentiate between low and moderate/severe chronic pain [19] . Thus, in order to qualify as having clinically significant chronic pain, participants had to confirm pain for most days in the week during the last three months or more and have a VAS of current pain severity of 3.5 or higher.
Statistical analyses were performed with SPSS version 22. For bivariate analyses, the Student's t test and Mann-Whitney U tests for continuous variables and chisquare test for categorical variables were conducted. In multivariate logistic regression analysis, chronic pain was defined as the dependent variable and a forwardfitting likelihood ratio procedure was used to add independent variables. Independent variables were Chronic Pain in Mentally Ill Homeless candidates for inclusion in the multivariate model if they achieved statistical significance in bivariate analyses. Gender of participants was forced into the multivariate model. Likewise, a separate logistic regression model was constructed in which suicidality was the dependent variable and chronic pain was the primary independent variable of interest. Statistical significance level for all analyses was set at P < 0.05.
Results
A total of 1,287 participants were included in the analysis, with a mean age of 41.7 years (SD ¼ 10.9 years). There were 742 participants (57.7%) who reported having suffered from pain for most days in the week during the last three months or more, and 559 (43.4%) who qualified as having clinically significant (i.e., moderate or severe) chronic pain. Mean age was higher among those reporting clinically significant chronic pain compared with those with no or low-intensity chronic pain (42.9 vs 40.8 years, P ¼ 0.001). Demographic characteristics and results of bivariate analyses comparing participants with and without clinically significant chronic pain are displayed in Table 1 .
Results of the forward-fitted logistic regression model with moderate or severe chronic pain as the dependent variable are shown in Table 2 . With every one-year increase in age, the odds of having moderate or severe chronic pain increased by 2.4% (95% confidence interval [CI] ¼ 1.2-3.5%). Other factors independently associated with an increased likelihood of moderate or severe chronic pain were major depressive episode as assessed at baseline (odds ratio [OR] ¼ 1.6, 95% CI ¼ 1.3-2.1), panic disorder (OR ¼ 1.5, 95% CI ¼ 1.1-2.0), mood disorder with psychotic features (OR ¼ 1.5, 95% CI ¼ 1.1-2.1), and post-traumatic stress disorder (PTSD; OR ¼ 1.3, 95% CI ¼ 1.0-1.8). No other variables met criteria for inclusion in the multivariate model. Table 3 shows pain treatment, self-treatment, and pain interference in participants with moderate to severe chronic pain. Participants often reported more than one location of their chronic pain (mean number of locations ¼ 2.0, SD ¼ 1.1). Half of participants with moderate to severe chronic pain reported back pain (50%), more than a third reported pain in their joints (39%) or limbs (38%), and every fourth in the head or the neck (26%) (Figure 1 ).
The mean VAS score of pain intensity in participants that reported having suffered from pain for most days in the week during the last three months or more was 5.16 (SD ¼ 2.55). VAS scores were higher in participants who had seen a physician or a nurse for treatment of their pain in the previous three months (Z ¼ À3.08, P < 0.01), in those who had taken prescribed (Z ¼ À2.90, P < 0.01) or nonprescribed (Z ¼ À3.04, P < 0.01) drugs to treat the pain, and in those who reported pain interference with general daily activities (Z ¼ À4.87, P < 0.001), sleep (Z ¼ À5.92, P < 0.001), or social interactions (Z À5.49, P < 0.001).
In bivariate analysis, moderate to severe chronic pain was associated with a two-fold increase in the odds of suicidality (2.11, 95% CI ¼ 1.61-2.78). Controlling for diagnosis of mental illness and demographic variables in a logistic regression model (Table 4) , this association was weaker yet remained significant (1.46, 95% CI ¼ 1.07-2.00).
In order to assess potential effects of the housing-first intervention on the correlates of chronic pain, we compared participants with moderate to severe chronic pain receiving the intervention with those in the treatmentas-usual group. We did not identify any significant differences for receiving treatment for chronic pain by a physician or nurse in the prior three months (66% vs 60%, P ¼ 0.13), the use of prescribed (58% vs 52%, P ¼ 0.13) or nonprescribed (38% vs 37%, P ¼ 0.88) drugs for chronic pain, or interference of chronic pain with general daily activities (82% vs 79%, P ¼ 0.44), sleep (79% vs 77%, P ¼ 0.64), or social interactions (62% vs 59%, P ¼ 0.50).
Discussion
This paper is the first to report on the prevalence and characteristics of chronic pain in homeless individuals with mental illness, a particularly vulnerable population experiencing substantial barriers to care [20] . Chronic pain was found to be a very common condition, affecting almost six out of 10 people. This prevalence is similar to the study by Fisher et al. (2013) , which reported on chronic pain in homeless shelter users in the United Kingdom, who were not necessarily affected by mental illness [11] . Furthermore, more than 40% of participants reported clinically significant, that is, moderate to severe, chronic pain. Among this group, chronic pain constituted a serious problem, interfering with general daily activities, sleep, or social interactions in 94% of those affected.
While we identified several parameters associated with moderate to severe chronic pain in bivariate analysis, only a few predictors remained statistically significant in the multivariate analysis, among which age was the only significant sociodemographic predictor. The mean age of our sample was 41.7 years, and with every additional year in age, the odds for reporting moderate to severe chronic pain increased by more than 2%. This is consistent with data from the general population, where an increasing age is associated with an increased risk of chronic pain. Recent evidence that shows that the homeless populations are aging [21] underscores the implication of this finding. If this is the case, the prevalence and impact of chronic pain on this population will further increase in the future.
Interestingly, we found no gender differences in prevalence rates of clinically significant chronic pain. Chronic pain prevalence in the general population is reported to be higher in women than men [22] . Our findings indicate almost identical rates between homeless men and women with mental illness. This finding may be due to the overall high rates of chronic pain in our study, but merits further research in the future.
In the logistic regression model, four diagnostic categories of mental illness at baseline were associated with moderate to severe chronic pain. Major depressive disorder, mood disorder with psychotic features, panic disorder, and PTSD increased the odds of moderate to severe chronic pain substantially. The association of these psychiatric disorders with chronic pain has been well described in the literature [23] [24] [25] [26] [27] . It is very likely that mental illness influences the occurrence and experience of pain, but depression and anxiety disorders may also be a reaction or response to chronic pain. Prospective studies have actually provided evidence for a bidirectional relationship between depression and pain [28, 29] . Furthermore, shared predisposing risk factors such as traumatic childhood experiences, quite common in homeless persons [30] , may increase both the risk for psychiatric disorders and the risk for chronic pain. Finding a significant association between chronic pain and suicidal ideations further underlines the importance of the interplay between mental health symptoms and chronic pain. In our study, the proportion of participants with clinically significant chronic pain increased with higher levels of suicidality. Recent studies have shown that a variety of conditions connected to chronic pain are also associated with elevated suicide rates [31] . Addressing chronic pain may be instrumental in reducing suicide among homeless populations. It may also reduce psychiatric symptoms due to the direct or indirect impact of chronic pain on mental disorders [20, 32] . This is important as prevalence of mental illness is very high and suicide is one of the leading causes of death in this group [14, 33] .
We were surprised to find no association between moderate to severe chronic pain and substance dependence. While alcohol dependence was associated with an increased risk of chronic pain in the bivariate analysis, this association did not remain significant in the multivariate analysis. Still, more than a third reported using street drugs to control pain, highlighting that chronic pain might be predisposing to or sustaining substance use in this population. Moreover, substance use itself may contribute to insufficient treatment of chronic pain. On the one hand, it may directly preclude access to medical services [34] . On the other hand, physicians may be reluctant to prescribe medications, specifically opioids, in the context of preexisting substance use disorders due to fears of subsequent abuse of opioids and the possible concomitant use of illicit substances and increased morbidity and mortality [6, 35, 36] . This further underlines the need for clinically relevant evidencebased research on chronic pain and addiction to be shared and made more commonly available [37] .
A total of 64% of participants who reported clinically significant chronic pain had received some treatment for this condition in the past three months. A little more than half of participants with clinically significant chronic pain reported that they used prescribed medications to treat pain. While this still points to a considerable gap in the treatment for chronic pain, the reported treatment coverage is higher than the 41% reported in the study by Hwang et al. [6] . This may be surprising, as the participants in our study all had a diagnosis of mental illness, which is likely to complicate their medical needs and subsequently result in poorer access to adequate care [20] . The comparatively higher proportion receiving treatment in our sample may be due to the engagement of the participants in the At Home/Chez Soi project. Independent of the intervention, the regular contact with study staff and being part of a larger project may have contributed to the higher treatment rate. Furthermore, some of the barriers impeding access to care for the homeless described by Hwang et al. (2011) [6] , such as poor sleeping conditions and the stress of shelter life, were addressed by the At Home/Chez Soi study if participants were in the intervention arm and received housing. While this could have increased the treatment rate for chronic pain in the intervention group, we did not find a significant difference between participants receiving housing provided by the At Home/Chez Soi project vs those in the treatment-as-usual group, who did not receive housing through At Home/Chez Soi. Supplying housing to homeless persons may not be sufficient to address significant health issues such as chronic pain. Our study demonstrates that chronic pain is associated with several other health problems, which should be addressed comprehensively. Despite some evidence for a positive effect of housing interventions on the health of homeless individuals [20] , the At Home/ Chez Soi study did not find significant differences between the intervention and treatment as usual concerning the number of emergency department visits, hospitalizations, or the physical and mental health component summaries of the SF-12 survey [38] . This was mainly attributed to the insufficient length (24 months) of the follow-up as changes regarding health and healthrelated behaviors will likely take more time than 24 months in individuals who have lived marginalized and with many adversities for long stretches-and at times decades-of their lives. This is particularly true for chronic pain. Homeless persons are much more exposed than other populations to a variety of risk factors for this condition, from physical illness to mental disorders and substance use. At the same time, they face multiple barriers that will lead to less and later care than in other populations, likely facilitating chronification and complicating the treatment process. Even if treatment is initiated, there are risks of interruption, discontinuation, or malcompliance associated with the living conditions. The treatment gap is further underlined by the fact that one-third of participants reported the use of illicit drugs to self-medicate chronic pain. The nature of barriers to pain management is multifaceted, and they need to be addressed effectively in the context of a continuum of care to close the treatment gap evident in our sample. All clinicians, including mental health professionals, involved in the treatment of homeless persons with mental illness need to be aware of the high rates of chronic pain. Routine screening for this condition may be helpful in order to improve the initiation of and referral to adequate care.
A limitation of our study is the fact that the At Home/ Chez Soi study was not primarily designed to assess chronic pain, nor the relationship between housing and chronic pain. As participants-both participants receiving housing and not receiving housing-were part of a large project and had regular contact with trained research staff, this could have resulted in participants having more immediate access to the medical system and could have resulted in different/higher prevalence rates in our study. However, there were no significant differences between participants receiving the intervention and those receiving treatment as usual concerning presence of chronic pain, treatment of chronic pain by a physician or nurse, the use of prescribed or nonprescribed drugs for chronic pain, or pain interference with general daily activities, sleep, or social interactions. One of the hypotheses of the study had been that housing first would improve stability and improve access to treatment. The time frame for these hypothesized impacts of the housing intervention provided in At Home/ Chez Soi was likely too short for the specific questions raised in this analysis, and anecdotal feedback from care providers with long-standing clinical expertise has been consistent in suggesting that changes in the lives of people who have lived marginalized for an extended period require a substantial amount of time, far exceeding 24 months. Moreover, mental illness was assessed at baseline whereas chronic pain was assessed 18 months later. We cannot determine the onset of pain relative to psychiatric symptoms and cannot deduce any causality from associated findings.
Conclusions
Clinically significant chronic pain is very common in homeless persons with mental illness in Canada. Chronic pain interferes with their daily life, is undertreated, and is associated with multiple diagnoses of mental disorders and suicidality. Clinicians treating homeless persons should be aware of this condition. Health care provision involving a continuum of care with medical and psychiatric interventions may be desirable for chronic pain in homeless populations.
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